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Table 1 Main technical indexes of three kinds of as-

phalt
Softening point  Penetration o
Ductility
Asphalt type (global (25 C) )
. (15 C)/cm
method) /°C /0.1 mm
Asphalt 47.2 71.4 144.7
Short-term
. 52.3 27.5 10.8
aging asphalt
Long-term
59.2 17.9 6.0

aging asphalt
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Fig.1 Qualitative filter paper filter waste edible oil
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Table 2 Performance index of waste edible oil

Pilot project

Technical requirements of

JTG/T 5521-2019 asphalt regenerant

Test result

Appearance
Density/(g/cm®) 0.84
Viscosity at 60 C/mm?*/s 54.7
Flash point/C 246

Yellow-brown flow dynamics —

20~175
=220
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Fig.2 Rheological test samples: (a) no waste edible
oil was added; (b) adding waste edible oil
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Fig.3 Diffusion diagram
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Fig.4 Asphalt four-component composition: (a) aro-
matics; (b) saturates; (c) asphaltene; (d)
gum
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Table 3 Four component mass percentage of different types of asphalt

The mass fraction of each component of the four components of asphalt/ %

Asphalt type -
Saturates Aromatics Gum Asphaltene
Asphalt? 8.6 41.3 25.1 20.5
Aged asphalt?? 10.0 17.0 45.0 28.0
Aging asphalt model 10.0 16.0 45.6 28.4

K5 hHFrTFHEA
Fig.5 Aged asphalt molecular model
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Fig.6 The main components of waste edible oil: (a)
hexadecanoic acid; (b) linolenic acid; (c¢) oleic

acid; (d) stearic acid
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Table 4 The percentage of waste edible oil composi-

tion quality

The main composition of waste edible oil is mass fraction/ %

Hexadecanoic )
] Linolenic acid Linolenic acid  Stearic acid
acid
17.7 29.1 40.1 13.1
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Fig.7 Molecular model of waste edible oil
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Table 5 Parameters after model simulation
Model name Temperature/C Density/g * cm
Aging asphalt molecules 26.56 1.069
Waste edible oil molecules 25.00 0.882

K8 Dynamics gty & . (a) E & A W2 F;5(b) #
1 FAF

Fig.8 The model after Dynamics: (a) waste edible oil
molecules; (b) aging asphalt molecules
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Fig.9 Interface model of aged asphalt and waste edi-
ble oil
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Fig.10 Interface diffusion model after Dynamics
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Fig.11 Penetration of recycled asphalt under differ-
ent diffusion time
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Table 6 Rheological results of asphalt with different diffusion time

Diffusion 1 day Diffusion 3 days Diffusion 5 days

Targets of test Asphalt Aged asphalt
recycled asphalt recycled asphalt recycled asphalt
Complex modulus/G " + kPa ! 52.10 76.89 71.76 67.66 61.54
Phase angle/(*) 68.50 46.30 59.30 61.50 65.20
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Fig.13 FTIR spectra of recycled asphalt under dif-
ferent diffusion time
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Table 7 Carbonyl and aromatic index of asphalt be-

fore and after aging

Asphalt type I In
Asphalt 0.21 0.23
Aged asphalt 0.26 0.22

x8 ARYHHBETHEEIEHNRESEERIEH
Table 8 Carbonyl and aromatic index of recycled as-

phalt under different diffusion time

Sample diffusion time/day I I
1 0.38 0.34
3 0.56 0.18
5 0.53 0.28
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Table 9 Molecular diffusion coefficient

Molecular name Diffusion coefficient/m?® * s

Aged asphalt 0.4857X107°
Waste edible oil 1.3789 X107
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Analysis of diffusion behavior of waste edible oil and

aged asphalt at room temperature
SHI Jingwen', LIU Mengmei', ZHOU Zhiyong', FAN Mizi',
WU Yonghao', YANG Jie*, WEI Bicheng”
(1. School of Transportation and Civil Engineering, Fujian Agriculture and Forestry University,
Fuzhou 350108, China;
2. Fujian Provincial Key Laboratory of Highway Engineering,
Fujian Provincial High-speed Technical Consulting Co., Ltd., Fuzhou 350001, China)

Abstract: Exploring the diffusion behavior of regenerant in aged asphalt system at room temperature is helpful
to the study of cold regeneration of asphalt mixture. The effects of waste edible oil on the penetration, function-
al groups, complex modulus and phase angle of aged asphalt under different diffusion time were studied from
macro and micro scales by immersion method, Fourier transform infrared spectroscopy (FTIR) test and rotary
rheometer test, and the test results were compared and analyzed. At the same time, based on the molecular dy-
namics theory, the molecular model of waste edible oil and aged asphalt was established, and the interface diffu-
sion model was constructed. According to the diffusion coefficient, the diffusion behavior of the two in the sys-
tem was revealed. The results show that waste edible oil can restore the basic technical performance of aged as-
phalt to a certain extent at room temperature, supplement the light components missing due to aging, and re-
store its rheological properties. In addition, molecular dynamics simulation shows that the movement speed of
waste edible oil molecules is faster than that of aged asphalt molecules, indicating that waste edible oil can sof-
ten aged asphalt in a short time. Therefore, it can be seen that the efficiency of wetting and softening aging as-
phalt of waste edible oil at room temperature is good.

Key words: waste edible oil; aged asphalt; diffusion at room temperature; immersion method; FTIR; rheological

test; molecular dynamics simulation



